Application of Impression Creep Technique for Development of Creep Resistant Austenitic Stainless Steel  by Naveena,  et al.
 Procedia Engineering  55 ( 2013 )  585 – 590 
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Indira Gandhi Centre for Atomic Research.
doi: 10.1016/j.proeng.2013.03.299 

$S
$EVWU
7KHS
FUHHS
QLWURJ
WHFKQL
Z
ORDGLQ
REVHUY
SXQFK
6WHDG\
XQLD[L
REVHUY


*DQG

.H\ZR
,QW
,P
GHIRU
FDVHR
WHVWLQ
LQGHQ
LQGHQ
WRWKH
F\OLQG
YHORF

∗&RUU
(PDLO
WK,QWHUQDWLR
SOLFDWLRQ
1DYH
0HFKD
DFW
UHVHQWSDSHUKLJ
UHVLVWDQWDXVWHQ
HQ RQ FUHHS GH
TXH,PSUHVVLRQ
WQLWURJHQ
J VWUDLQ D SULP
HGLQXQLD[LDO
LQJ VWUHVV ,WZ
VWDWH LPSUHVVL
DO FUHHS WHVWV
HGZKLFKGHPR
7KH$XWKRU
KL&HQWUHIRU$
UGV,PSUHVVLRQFU
URGXFWLRQ
SUHVVLRQ FUHH
PDWLRQEHKDYL
IGHYHORSPHQ
JZKHQFRPS
WDWLRQFUHHSWH
WHU7KLVWHFKQ
WHVWVSHFLPHQ
ULFDO SXQFK L
LW\GHFUHDVHVZ

HVSRQGLQJDXWKRU
DGGUHVVPDWKHZ
QDO&RQIHUH
RI,PS
&UHHS5
HQD9'9
QLFDO0HWDOOXUJ\'
KOLJKWVWKHXVHI
LWLFVWDLQOHVVVWH
IRUPDWLRQ EHKD
FUHHSWHVWVKDY
LQWKHSXQFKLQJ
DU\ FUHHS VWDJ
FUHHSFXUYHVZD
DV REVHUYHG WKD
RQYHORFLW\ZDV
$ JRRG FRUUHOD
QVWUDWHVWKHDSS
V3XEOLVKHGE
WRPLF5HVHDU
HHS/166Q
S LV DQ LQQR
RURIPDWHULDOV
WRIQHZPDWHU
DUHG WRFRQYHQ
VWZKHUHFRQL
LTXHZDVILUVW
 WKURXJKDIOD
V UHFRUGHG DV
LWKWLPHDQG

#LJFDUJRYLQ
QFHRQ&UHH
UHVVLRQ&
HVLVWDQW
LMD\DQDQG
LYLVLRQ,QGLUD*
XOQHVVRILPSUH
HOZKLFKKDVEH
YLRU RI W\SH 
HEHHQFDUULHGR
VWUHVVUDQJHRI
H DQG D VHFRQG
VDEVHQW7KHV
W LPSUHVVLRQ YH
IRXQGWRGHFUH
WLRQ EHWZHHQ WK
OLFDELOLW\RILPS
\(OVHYLHU/WG
FK
LWURJHQVPDOOVSH
YDWLYH PLQLDWX
7KHWHVWWHFK
LDOVDVLWUHTXL
WLRQDOXQLD[LD
FDOS\UDPLGDO
LQWURGXFHGE\
WHQGHGF\OLQG
D IXQFWLRQ RI
WKHQDWWDLQVVWH
S)DWLJXH
UHHS7H
$XVWHQLW
9*DQHV
DQGKL&HQWUHIRU$
VVLRQFUHHSWHFK
HQXVHGDVVWUXF
/1 VWDLQOHVV V
XWDW.RQ
03D
DU\ FUHHS VWDJH
WHDG\VWDWHLPSU
ORFLW\ZDV VHQV
DVHZLWKLQFUHDV
H LPSUHVVLRQ F
UHVVLRQFUHHSWH
6HOHFWLRQDQG
FLPHQ
UH WHVWLQJ WH
QLTXHLVDWWUDF
UHVUHODWLYHO\
OFUHHS WHVWLQJ
RUVSKHULFDOL
&KXDQG/L>
ULFDO LQGHQWHU
WKH HODSVHG WL
DG\VWDWHDIWH
DQG&UHHS)
FKQLTXH
LF6WDLQO
DQ./DKD
WRPLF5HVHDUFK
QLTXHDVDSSOLF
WXUDOPDWHULDOIR
WHHO KDV EHHQ V
/1VWDLQOHV
7KHLPSUHVVLRQ
 VLPLODU WR XQL
HVVLRQYHORFLW\
LWLYH WR WKH YDU
LQJQLWURJHQFR
UHHS WHVW DQG WK
VWLQJWHFKQLTXHI
RUSHHUUHYLHZ
FKQLTXH WKDW
WLYHIRUUDSLG
VKRUWHUWHVWWLP
 ,PSUHVVLRQ
QGHQWHUVDUHU
@,QWKLVWH
F\OLQGULFDOS
PH ,QLWLDOO\
UDWUDQVLHQWSH
DWLJXH,QWHU
IRU'HYH
HVV6WHHO
0'0D
.DOSDNNDP
DEOHWRDOOR\GH
U)DVW%UHHGHU
WXGLHG XVLQJ LP
VVWHHOFRQWDLQLQ
FUHHSFXUYHVZ
D[LDO FUHHS FXUY
ZDVIRXQGWRLQ
LDWLRQ LQ QLWURJH
QWHQWDVZDVRE
H FRQYHQWLRQDO
RUDOOR\GHYHORS
XQGHUUHVSRQ
FDQ EH XVHG
VFUHHQLQJRIOD
HDQGVPDOOYR
FUHHS WHVW LVD
HSODFHGE\DI
FKQLTXHDFRQ
XQFKDQGWKH
WKH SHQHWUDWLR
ULRG7KHLPS
DFWLRQ>&)
ORSPHQW

WKHZ∗
,QGLD
YHORSPHQWVWXG
5HDFWRUV7KHH
SUHVVLRQ FUHHS
J
HUHFKDUDFWHUL]H
HV 7KH WHUWLDU
FUHDVHZLWKLQF
Q FRQWHQW LQ WK
VHUYHGLQFRQYH
FUHHS WHVW UHVX
PHQWSURJUDPP
VLELOLW\RIWKH
WR VWXG\ WKH
ERUDWRU\KHDWV
OXPHRIPDWHU
PRGLILHGYHUV
ODWHQGHGF\OLQ
VWDQWORDGLVD
GLVSODFHPHQW
Q UDWH RU LPSU
UHVVLRQFUHHS
@
RI
LHVRID
IIHFWRI
WHVWLQJ
DQG
GE\D
\ VWDJH
UHDVLQJ
H VWHHO
QWLRQDO
OWV ZDV
H
,QGLUD
FUHHS
LQWKH
LDOIRU
LRQRI
GULFDO
SSOLHG
RI WKH
HVVLRQ
FXUYHV
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Indira Gandhi Centre for Atomic Research.
586   Naveena et al. /  Procedia Engineering  55 ( 2013 )  585 – 590 
DUHVLPLODUWRWKHFRQYHQWLRQDOFUHHSFXUYHVEXWWKH\H[KLELWRQO\WKHILUVWWZRFKDUDFWHULVWLFVWDJHVRIWKHFUHHS
SURFHVVHVDSULPDU\FUHHSVWDJHDQGDVHFRQGDU\FUHHSVWDJH,WLVWREHQRWHGWKDWVLQFHWKHLPSUHVVLRQWHVWLV
HVVHQWLDOO\ FRPSUHVVLYH LQ QDWXUH QHFNLQJ DQG IUDFWXUH RI WKH VSHFLPHQ GR QRW RFFXU 7KHUHIRUH LW LV QRW
SRVVLEOHWRUHFRUGWHUWLDU\FUHHSVWDJHZKLFKDUHJHQHUDOO\REVHUYHGLQXQLD[LDOWHQVLOHFUHHSWHVWV7KHVORSHRI
WKHVWHDG\VWDWHSRUWLRQRILPSUHVVLRQFUHHSFXUYHJLYHVWKHVWHDG\VWDWHLPSUHVVLRQYHORFLW\7KHUDWHDWZKLFK
WKH SXQFK SHQHWUDWHV LQWR WKH VXUIDFH RI WKH WHVW VSHFLPHQ LV FRQWUROOHG E\ WKH WLPH GHSHQGHQFH RI WKH
PRYHPHQWRIWKHPDWHULDOXQGHUWKHSXQFKDQGWKXVGLUHFWO\PRQLWRUVWKHFUHHSEHKDYLRURIORFDOL]HGYROXPHRI
PDWHULDO>@
&UHHSUHVLVWDQWDXVWHQLWLFVWDLQOHVVVWHHO/1VWDLQOHVVVWHHOLVWKHSULQFLSDOPDWHULDOIRUKLJKWHPSHUDWXUH
VWUXFWXUDOFRPSRQHQWVLQIDVWEUHHGHUUHDFWRUV&RQVLGHULQJWKHH[WHQVLRQRIGHVLJQOLIHXSWR\HDUVDQGWKH
VDIH RSHUDWLRQ RI WKH UHDFWRU WKH GHYHORSPHQW RI D KLJK QLWURJHQ JUDGH RI /1 VWDLQOHVV VWHHO ZLWK
HQKDQFHGFUHHSSURSHUWLHVLVEHLQJVWXGLHG7KHFRQYHQWLRQDOFUHHSWHVWVWRFKDUDFWHUL]HFUHHSEHKDYLRURIWKHVH
DOOR\V UHTXLUH UHODWLYHO\ ODUJH DPRXQW RI PDWHULDO IRU VSHFLPHQ SUHSDUDWLRQ DQG QHFHVVLWDWH PDQ\ VXFK
VSHFLPHQV WRFDUU\RXWPXOWLSOHFUHHS WHVWVDWGLIIHUHQW WHPSHUDWXUHVDQGVWUHVV OHYHOV)XUWKHU WKHVH WHVWVDUH
WLPHFRQVXPLQJ$VDQDOWHUQDWH LPSUHVVLRQFUHHSLVYHU\XVHIXOWHFKQLTXHIRUHYDOXDWLRQRIFUHHSSURSHUWLHV
XVLQJVPDOODPRXQWRIWHVWPDWHULDODQGLQDUHODWLYHO\VKRUWHUWHVWWLPHIHZKXQGUHGKRXUV7KHSXUSRVHRIWKH
SUHVHQWZRUN LV WRVWXG\ WKHHIIHFWRIYDULDWLRQRIQLWURJHQFRQWHQWRQFUHHSGHIRUPDWLRQEHKDYLRURI/1
VWDLQOHVVVWHHOXVLQJLPSUHVVLRQFUHHSWHVWLQJWHFKQLTXHDQGWRGHPRQVWUDWHWKHDSSOLFDELOLW\RILPSUHVVLRQFUHHS
WHFKQLTXHIRUDOOR\GHYHORSPHQWVWXGLHVRIDFUHHSUHVLVWDQWDXVWHQLWLFVWDLQOHVVVWHHO
([SHULPHQWDO
0DWHULDODQGVDPSOHSUHSDUDWLRQ
7KHSUHVHQWLQYHVWLJDWLRQLQYROYHGIRXUKHDWVRI/1VWDLQOHVVVWHHOFRQWDLQLQJDQG
ZW  QLWURJHQ 7KH FKHPLFDO FRPSRVLWLRQV RI WKHVH DOOR\V DUH JLYHQ LQ 7DEOH )LJXUH  VKRZV WKH
PLFURVWUXFWXUHRIWKHPDWHULDOEHIRUHWHVWLQJZKLFKZDVVROXWLRQWUHDWHGDW.IRUKRXUIROORZHGE\ZDWHU
TXHQFKLQJ1HDUO\ HTXLD[HGJUDLQVZLWK DQ DYHUDJHJUDLQ VL]H RI DERXWȝPZHUH REVHUYHG PP WKLFN
UHFWDQJXODU EORFNV ZHUH PDFKLQHG WR JHW WKH IODW VXUIDFHV DQG WKH LPSUHVVLRQ FUHHS WHVWLQJ VXUIDFHV RI WKH
VSHFLPHQVZHUHSROLVKHGWRDμPILQLVKXVLQJVWDQGDUGPHWDOORJUDSKLFWHFKQLTXHV7KHILQDOGLPHQVLRQRIWKH
VSHFLPHQVXVHGIRUWKHLPSUHVVLRQFUHHSWHVWVZHUHPP[PP[PP
7DEOH&KHPLFDOFRPSRVLWLRQLQZWRIW\SH/1VWDLQOHVVVWHHO
'HVLJQDWLRQ
&KHPLFDOFRPSRVLWLRQLQZW
1 & 0Q &U 0R 1L 6L 6 3 )H
1          %DO
1          %DO
1          %DO
1          %DO
,PSUHVVLRQFUHHSWHVWLQJV\VWHP
7KH LPSUHVVLRQ FUHHS WHVWLQJ V\VWHP )LJ XVHG IRU WKHVH VWXGLHV FRQVLVWV RI VSHFLPHQ FDJH ZLWK WZR
IUDPHVRQHIL[HGWRWKHERWWRPSODWHRIWKHVSHFLPHQFDJHDQGWKHRWKHUFRQQHFWHGWRWKHSXOOURGZKLFKLVIUHH
WRPRYH7KHIRUPHUKDVDQLQGHQWHUKROGHU WRZKLFKWKHLQGHQWHU LVIL[HGDQGWKHODWWHUKDVDVDPSOHKROGHU
RYHUZKLFKWHVWVSHFLPHQLVSODFHGH[DFWO\EHORZWKHLQGHQWHU,QGHQWHUVDUHPDGHRIWXQJVWHQFDUELGH7KHSXOO
URGLVFRQQHFWHGWR WKHOHYHUDUPZLWKOHYHUUDWLR7KHYHUWLFDOPRYHPHQWRI WKHSXOOURGDQGKHQFHWKH
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LPSUHVVLRQGHSWKLVVHQVHGWKURXJKD/LQHDU9DULDEOH'LIIHUHQWLDO7UDQVGXFHU/9'7ZLWKDQDFFXUDF\EHWWHU
WKDQ±$ORDGFHOORIPD[LPXPFDSDFLW\1LVDWWDFKHGWRWKHORDGWUDLQLQRUGHUWRPHDVXUHWKHORDG
DFFXUDWHO\7KHWHPSHUDWXUHFRQWUROV\VWHPLVFDSDEOHRIPDLQWDLQLQJWKHWHPSHUDWXUHFRQVWDQWZLWKDQDFFXUDF\
RI±R&$YDFXXPV\VWHPZKLFKFDQJLYHDYDFXXPOHYHOXSWRPEDULVXVHGWRDYRLGR[LGDWLRQRIWKH
VSHFLPHQDWKLJKHUWHVWWHPSHUDWXUHV'DWDLVUHFRUGHGXVLQJD3&EDVHGRQOLQHGDWDDFTXLVLWLRQV\VWHP
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
D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E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
F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
G
)LJ,PSUHVVLRQFUHHSWHVWLQJPDFKLQH )LJ0LFURVWUXFWXUHRIVROXWLRQDQQHDOHG/166FRQWDLQLQJDEFDQGGZWQLWURJHQ
,PSUHVVLRQFUHHSWHVWV
,PSUHVVLRQFUHHSWHVWVZHUHFRQGXFWHGDW.RQ/1VWDLQOHVVVWHHOKDYLQJQLWURJHQLQWKHUDQJH
ZW WRZWXQGHU IRXUGLIIHUHQWSXQFKLQJVWUHVV OHYHOVRIDQG03D$ WXQJVWHQ
FDUELGH F\OLQGULFDO SXQFK  PP LQ GLDPHWHU ZDV HPSOR\HG IRU WKH SUHVHQW VWXG\ 7KH H[SHULPHQWV ZHUH
FDUULHGRXW LQYDFXXPPEDU LQRUGHU WRDYRLGWKHR[LGDWLRQRI WKHVSHFLPHQV$SUHORDGRI1ZDV
DSSOLHGRQWKHVDPSOHIRUNHHSLQJWKHVSHFLPHQXQGHUFRPSUHVVLRQEHIRUHWKHDFWXDOORDGLVDSSOLHG
$QDO\VLVRILPSUHVVLRQFUHHS
,Q LPSUHVVLRQFUHHS WHVW D FRQVWDQW ORDG/ LV DSSOLHG WR WKH WHVW VSHFLPHQ WKURXJKD F\OLQGULFDOSXQFKRI
GLDPHWHUG7KHPHDQSUHVVXUHXQGHUWKHSXQFKLVUHIHUUHGWRDVWKHSXQFKLQJVWUHVVDQGLVJLYHQE\
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/
LPS
π
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8QGHU WKHSXQFKLQJVWUHVVσLPS WKHF\OLQGULFDOSXQFKSHQHWUDWHV LQWR WKHVXUIDFHRI WKH WHVW VSHFLPHQ WRD
GHSWKKLQWLPHGXUDWLRQW7KHUDWHDWZKLFKWKHF\OLQGULFDOSXQFKSHQHWUDWHVWKHVSHFLPHQVXUIDFHLVUHIHUUHGWR
DVLPSUHVVLRQYHORFLW\DQGLVJLYHQE\
GW
GKYLPS =
  
7KHSXQFKLQJVWUHVVσLPSDQGWKHVWHDG\VWDWHLPSUHVVLRQYHORFLW\YLPSLQLPSUHVVLRQFUHHSWHVWDUHFRUUHODWHG
WRDQHTXLYDOHQWXQLD[LDOVWUHVVσXQLDQGVWHDG\VWDWHVWUDLQUDWH •XQLε LQXQLD[LDOFUHHSWHVWUHVSHFWLYHO\7KH
JHQHUDOIRUPVRIWKHVHFRUUHODWLRQVDUH
LPSXQL ασσ =   
DQG
G
YLPS
XQL
β
ε =
•
  
ZKHUHαDQGβDUHWKHFRUUHODWLRQIDFWRUV)RUWKHSUHVHQWDQDO\VLVZHXVHGWKHFRQYHUVLRQIDFWRUVα DQG
β GHWHUPLQHGE\ ILQLWHHOHPHQWFDOFXODWLRQE\<XHWDO >@ WR UHODWH WKHFUHHSGDWD IURP LPSUHVVLRQDQG
FRQYHQWLRQDOWHQVLOHFUHHSWHVWVLVXVHG
5HVXOWVDQGGLVFXVVLRQ
,PSUHVVLRQFUHHSFXUYHV
7\SLFDO LPSUHVVLRQ FUHHS FXUYHV SUHVHQWHG DV WKH YDULDWLRQ RI SXQFK SHQHWUDWLRQ GHSWK ZLWK GZHOO WLPH
XQGHU GLIIHUHQW SXQFKLQJ VWUHVV OHYHOV IRU /1 VWDLQOHVV VWHHO FRQWDLQLQJ GLIIHUHQW QLWURJHQ FRQWHQWV DUH
VKRZQLQ)LJXUHVDQG7KHFUHHSFXUYHVZHUHFKDUDFWHUL]HGE\DORDGLQJVWUDLQIROORZHGE\DSULPDU\
FUHHSVWDJHDQGDVHFRQGDU\FUHHSVWDJH7KHWHUWLDU\VWDJHWKDWDSSHDUVLQFRQYHQWLRQDOFUHHSFXUYHVZDVIRXQG
WREHDEVHQWKHUH7KLVLVDWWULEXWHGWRWKHIDFWWKDWLQLPSUHVVLRQFUHHSWHVWORDGLQJLVFRPSUHVVLYHLQQDWXUH
QHFNLQJDQGIUDFWXUHRIWKHVDPSOHGRQRWRFFXU$QDGYDQWDJHZLWKWKHDEVHQFHRIWHUWLDU\FUHHSVWDJHLVWKDW
WKHGHIRUPDWLRQRI WKHPDWHULDOXQGHU WKHSXQFK LVVWDEOHDQGKHQFH WKHVHFRQGDU\FUHHSVWDJHVXVWDLQV IRUD
ORQJWLPHUHVXOWLQJLQDWUXHVWHDG\VWDWH

)LJ3ORWRILPSUHVVLRQGHSWKYHUVXVWLPHIRU/166
FRQWDLQLQJZWQLWURJHQDWYDULRXVSXQFKLQJVWUHVVHV
)LJ3ORWRILPSUHVVLRQGHSWKYHUVXVWLPHIRU/166
FRQWDLQLQJZWQLWURJHQDWYDULRXVSXQFKLQJVWUHVVHV
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)LJ3ORWRILPSUHVVLRQGHSWKYHUVXVWLPHIRU/166
FRQWDLQLQJZWQLWURJHQDWYDULRXVSXQFKLQJVWUHVVHV
)LJ3ORWRILPSUHVVLRQGHSWKYHUVXVWLPHIRU/166
FRQWDLQLQJZWQLWURJHQDWYDULRXVSXQFKLQJVWUHVVHV
(IIHFWRISXQFKLQJVWUHVVRQLPSUHVVLRQYHORFLW\
7KHVORSHRIVWHDG\VWDWHSRUWLRQRILPSUHVVLRQFUHHSFXUYHZKLFKLVUHIHUUHGWRDVVWHDG\VWDWHLPSUHVVLRQ
YHORFLW\ZDVFDOFXODWHGIRUHDFKVWUHVVOHYHO)LJXUHVKRZVWKHYDULDWLRQRIVWHDG\VWDWHLPSUHVVLRQYHORFLW\
ZLWK SXQFKLQJ VWUHVV ORJORJ SORW IRU DOO WKH IRXU KHDWV ,W FDQ EH VHHQ WKDW LQFUHDVLQJ VWUHVV DW D FRQVWDQW
WHPSHUDWXUH UHVXOWV LQ KLJKHU SHQHWUDWLRQ UDWHV ,PSUHVVLRQ YHORFLW\ ZDV IRXQG WR LQFUHDVH ZLWK LQFUHDVLQJ
SXQFKLQJVWUHVV$SRZHU ODZUHODWLRQVKLSEHWZHHQVWHDG\VWDWH LPSUHVVLRQYHORFLW\DQGSXQFKLQJVWUHVVZDV
IRXQGWREHREH\HGIRUDOOWKHIRXUKHDWV7KHSRZHUODZH[SRQHQWQYDULHGEHWZHHQDQGGHSHQGLQJ
XSRQ WKH QLWURJHQ FRQWHQW LQ WKH KHDW 6LPLODU REVHUYDWLRQVZHUH IRXQG LQ WKH FDVH RI FRQYHQWLRQDO XQLD[LDO
FUHHSWHVWVFDUULHGRXWRQWKHVHPDWHULDOV>@
,QIOXHQFHRIQLWURJHQFRQWHQWRQLPSUHVVLRQYHORFLW\
)LJXUHVKRZVWKHYDULDWLRQRIVWHDG\VWDWHLPSUHVVLRQYHORFLW\ZLWKQLWURJHQFRQWHQWIRUGLIIHUHQWSXQFKLQJ
VWUHVVOHYHOV,PSUHVVLRQFUHHSWHVWLQJWHFKQLTXHZDVIRXQGWREHVHQVLWLYHWRWKHYDULDWLRQLQFUHHSUDWHGXHWR
FKDQJHLQQLWURJHQFRQWHQWLQWKHDOOR\,WZDVREVHUYHGWKDWWKHVWHDG\VWDWHLPSUHVVLRQYHORFLW\GHFUHDVHVZLWK
LQFUHDVLQJ QLWURJHQ FRQWHQW DW DOO WKH IRXU VWUHVV OHYHOV 7KLV UHVXOW LV LQ JRRG DJUHHPHQW ZLWK WKH UHVXOWV
REWDLQHG IURP FRQYHQWLRQDO XQLD[LDO FUHHS WHVWV ZKLFK VKRZHG D GHFUHDVH LQ VWHDG\ VWDWH FUHHS UDWH ZLWK
LQFUHDVLQJ QLWURJHQ FRQWHQW > @ 1LWURJHQ ZDV IRXQG WR EH EHQHILFLDO WR FUHHS SURSHUWLHV DW DOO WKH VWUHVV
OHYHOV 1LWURJHQ LV FRQVLGHUHG WR EH D SRWHQW LQWHUVWLWLDO VROLG VROXWLRQ VWUHQJWKHQHU ZKLFK LPSURYHV WHQVLOH
FUHHSDQGIDWLJXHVWUHQJWKRIDXVWHQLWLFVWDLQOHVVVWHHOV>@,QWHUVWLWLDOO\GLVVROYHGQLWURJHQLQFUHDVHVWKH\LHOG
VWUHQJWK DQG XOWLPDWH WHQVLOH VWUHQJWK RI DXVWHQLWLF VWDLQOHVV VWHHOV 7KH YDULDWLRQ RI WKH \LHOG VWUHQJWK ZLWK
QLWURJHQFRQWHQW LQDXVWHQLWLFVWDLQOHVVVWHHOZDVREVHUYHG WREH OLQHDUDW URRPWHPSHUDWXUHDQGDERYH>@
7KHEHQHILFLDOHIIHFWRIQLWURJHQFDQEHDWWULEXWHGWRWKHIDFWWKDWGLVVROYHGQLWURJHQFDXVHGDVWURQJSLQQLQJRI
QLWURJHQE\GLVORFDWLRQV>@
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)LJ6WUHVVGHSHQGHQFHRIVWHDG\VWDWHLPSUHVVLRQYHORFLW\LQ
/166FRQWDLQLQJDQGZW1DW.
)LJ9DULDWLRQRIVWHDG\VWDWHLPSUHVVLRQYHORFLW\ZLWK
QLWURJHQFRQWHQWLQ/166IRUYDULRXVSXQFKLQJVWUHVVOHYHOV
&RQFOXVLRQV
,PSUHVVLRQFUHHSWHFKQLTXHZDVXVHGDVDIDVWHUDQGQRQLQYDVLYHPHWKRGRIHYDOXDWLQJFUHHSGHIRUPDWLRQ
EHKDYLRU RI FUHHS UHVLVWDQW DXVWHQLWLF VWDLQOHVV VWHHO DQG WKH UHVXOWV ZHUH FRUUHODWHG ZLWK WKH FRQYHQWLRQDO
XQLD[LDOFUHHSWHVWUHVXOWVRQWKHVDPHPDWHULDO7KHIROORZLQJFRQFOXVLRQVDUHPDGHEDVHGRQWKHLQYHVWLJDWLRQ
FDUULHGRXW
• 7KHLPSUHVVLRQFUHHSFXUYHVSUHVHQWHGDV WKHYDULDWLRQRISXQFKSHQHWUDWLRQGHSWKZLWKGZHOO WLPHZHUH
IRXQG WR EH VLPLODU WR WKH FUHHS FXUYHV REWDLQHG IURP FRQYHQWLRQDO XQLD[LDO FUHHS WHVWV 7KH LPSUHVVLRQ
FUHHS FXUYHVZHUH FKDUDFWHUL]HGE\ D ORDGLQJ VWUDLQ SULPDU\ DQG VHFRQGDU\ VWDJHV+RZHYHU WKH WHUWLDU\
VWDJHWKDWDSSHDUVLQFRQYHQWLRQDOFUHHSFXUYHVZDVDEVHQWKHUH
• 7KH VWHDG\ VWDWH LPSUHVVLRQ YHORFLW\ZDV IRXQG WR LQFUHDVHZLWK LQFUHDVLQJ DSSOLHG VWUHVV $ SRZHU ODZ
UHODWLRQVKLSZDVIRXQGWRREH\EHWZHHQVWHDG\VWDWHLPSUHVVLRQYHORFLW\DQGWKHSXQFKLQJVWUHVVLQDOO WKH
IRXUKHDWV7KHSRZHUODZH[SRQHQWQDW.YDULHGEHWZHHQDQGGHSHQGLQJXSRQWKHQLWURJHQ
FRQWHQWLQWKHKHDW
• ,PSUHVVLRQFUHHSWHVWLQJWHFKQLTXHZDVIRXQGWREHVHQVLWLYHWRWKHYDULDWLRQLQFUHHSUDWHGXHWRFKDQJHLQ
QLWURJHQFRQWHQWLQWKHKHDWV,PSUHVVLRQYHORFLW\ZDVIRXQGWRGHFUHDVHZLWKLQFUHDVHLQQLWURJHQFRQWHQW
7KLVUHVXOWZDVIRXQGWREHLQJRRGDJUHHPHQWZLWKWKHUHVXOWVREWDLQHGIURPFRQYHQWLRQDOXQLD[LDOFUHHS
WHVWV
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